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1 . Title of the Invention 
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2. Claims 

(1 ) A vehicle drive system control device provided with an engine having an engine 
torque changing means independent of an accelerator pedal and a continuously variable 
transmission capable of continuously adjusting a transmission ratio, comprising 

a means for obtaining a target output horsepower in relation to at least the degree 
of acceleration; 

a means for obtaining a target continuously variable transmission input-side 
rotational speed in relation to at least the target output horsepower; a means for feedback 
control of the actual input-side rotational speed of the continuously variable transmission 
to the target input-side rotational speed; 

a means for obtaining a target engine torque in relation to at least the target output 
horsepower and the continuously variable transmission; 

a means for obtaining a target value for the engine torque changing means in 
relation to target engine torque and actual engine rotational speed; 

and a means for feedback control of the engine torque changing means to the 
target value. 

(2) The vehicle drive system control device according to Claim 1 , wherein the engine 
torque changing means is a throttle actuator, and the object of the target value is the 
degree of throttle opening. 

(3) The vehicle drive system control device according to Claim 1 , wherein the engine 
torque changing means is a diesel engine fuel injection pump, and the object of the target 
value is the amount of injected fuel. 

(4) The vehicle drive system control device according to any of Claims 1 to 3, 
wherein the target output horsepower is obtained in relation to the degree of acceleration 
and the vehicle speed. 

(5) The vehicle drive system control device according to any of Claims 1 to 4, 
wherein the target value of the engine torque changing means is obtained in relation to 
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the target engine torque, the actual engine rotational speed, and the change over time in 
the continuously variable transmission rotational speed. 

(6) A vehicle drive system control device provided with an engine having an engine 
torque changing means independent of an accelerator pedal and a continuously variable 
transmission capable of continuously adjusting a transmission ratio, comprising 

a means for obtaining a target output horsepower in relation to at least the degree 
of acceleration; 

a means for obtaining a target continuously variable transmission ratio from the 
target input-side rotational speed and the continuously variable transmission actual 
output-side rotational speed; 

a means for feedback control to a target transmission ratio of the continuously 
variable transmission actual speed ratio; 

a means for obtaining a target engine torque in relation to at least the target output 
horsepower and the continuously variable transmission actual input-side rotational speed; 

a means for obtaining a target value for the engine torque changing means in 
relation to at least the target engine torque and the actual engine rotational speed; 

and a means for feedback control of the engine torque changing means to the 
target value. 

3. Detailed Description of the Invention 
(Industrial Field of Application) 

The present invention relates to a vehicle drive system control device, and in 
particular to an improved vehicle drive system control device provided with an engine 
having a means for changing engine torque independent of the accelerator pedal, and a 
continuously variable transmission capable of continuous adjustment of a speed ratio. 

Previous Technology 

Continuously variable transmissions driven by belts, etc. are one [type] of vehicle 
automatic transmission. Such continuously variable transmissions generally comprise 
fixed pulley[s] and movable pulley[s], having on the input shaft and the output shaft, 
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respectively, V-shaped pulley devices the effective diameters of which can be varied by 
hydraulic servo devices; the input shaft-side rotation can be continuously changed in 
speed on the output side thereof and transmitted by a transmission belt extending between 
these V-shaped pulley devices. Normally, the oil flow on the input side to the hydraulic 
servo device is changed by a flow control valve; the input-side V-shaped pulley device 
effective diameter is forcibly changed, while oil pressure in the output-side hydraulic 
servo device is changed by a pressure control valve, so that torque transfer [sufficient] to 
prevent slipping of the transmission belt in response to changes in the input-side V- 
shaped pulley device effective diameter can be effected. 

- One major object of introducing such continuously variable transmissions in 
vehicle drive systems is to constantly run the vehicle at an optimal fuel consumption rate 
within the engine utilization range so as to improve actual vehicle fuel economy. Much 
development has already occurred. 

Problems the Invention Seeks to Resolve 

However, the reality is that all of the previously disclosed technologies leave 
room for improvement. 

For example, in Laid Open Patent Application S59-32642, a method is disclosed 
for constantly running on the optimal fuel consumption rate line, inclusive of transitions 
in vehicle operation, but this method has problems in that output torque is insufficient 
during speed change transitions, thus degrading running performance and acceleration 
performance. 

In Laid Open Patent Application S58-39870, a method is disclosed in which 
running occurs on the optimal fuel economy line under normal conditions and, during 
speed change transitions, operation is in actuality as shown by the broken line in Fig. 8 
due to the slow response of the continuously variable transmission mechanism compared 
to a throttle actuator, with the result that [the system] departs from the optimal fuel 
economy line and is superior to the aforementioned Laid Open Patent Application S59- 
32642. As a result, however, operation with this method during speed change transitions 
is as shown by the broken line in Fig. 8, and output during speed change transitions 
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cannot be freely controlled. Therefore this method presents difficulties when one wishes 
to set a specific output value during speed change transitions. 

In Laid Open Patent Application S58- 16066, meanwhile, a method for controlling 
output horsepower such that it attains a required horsepower during speed change 
transitions is disclosed in Claim 6 thereof. By this method, that output can be set to a 
specified value during speed change transitions, but the system is made more complex 
due to the requirement for a torque sensor, resulting in higher costs. 

Object of the Invention 

The present invention was undertaken in light of such previous problems, and 
seeks to provide a vehicle drive system control device capable of controlling output 
horsepower to a specified value even during transitions, using a simple constitution 
which does not make use of torque sensors, etc., and which can combine superior fuel 
efficiency and favorable running characteristics. 

Means for Resolving Problems 

In a vehicle drive system control device provided with an engine having an engine 
torque changing means independent of an accelerator pedal and a continuously variable 
transmission capable of continuously adjusting a transmission ratio, the present first 
invention achieves the above object by comprising a means for obtaining a target output 
horsepower in relation to at least the degree of acceleration; a means for obtaining a 
target continuously variable transmission input-side rotational speed in relation to at least 
the target output horsepower; a means for feedback control of the actual input-side 
rotational speed of the continuously variable transmission to the target input-side 
rotational speed; a means for obtaining a target engine torque in relation to at least the 
target output horsepower and the continuously variable transmission; a means for 
obtaining a target value for the engine torque changing means in relation to target engine 
torque and actual engine rotational speed; and a means for feedback control of the engine 
torque changing means to the target value. 

In a vehicle drive system control device provided with an engine having an engine 
torque changing means independent of an accelerator pedal and a continuously variable 
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transmission capable of continuously adjusting a transmission ratio, the present second 
invention achieves the same above object by comprising a means for obtaining a target 
output horsepower in relation to at least the degree of acceleration; a means for obtaining 
a target continuously variable transmission input-side rotational speed in relation to at 
least the target output horsepower; a means for feed back control of the continuously 
variable transmission actual speed ratio to a target speed change ratio, a means for 
obtaining a target engine torque in relation to at least the target output horsepower and 
the continuously variable transmission actual input-side rotational speed, a means for 
obtaining the target value of an engine torque changing means in relation to at least the 
target engine torque and the actual engine rotational speed, and a means for feedback 
control of the engine torque changing means to the target value. 

Operation 

In the present first invention, a target output horsepower is obtained primarily in 
relation to the degree of accelerator opening; the continuously variable transmission 
target input-side rotational speed is obtained in relation to this target output horsepower, 
and the continuously variable transmission actual input-side rotational speed is fed back 
to the target input-side rotational speed by changing the continuously variable 
transmission speed ratio, while the target engine torque is obtained in relation to the 
target output horsepower and the continuously variable transmission actual input-side 
rotational speed, the torque changing means target value is obtained in relation to this 
target engine torque and the actual engine rotational speed, and, by feedback control of 
the engine torque changing means to this target value, it is possible to freely control the 
output horsepower not only under normal conditions, but also during speed change 
transitions. Also, because there is no structural requirement for a torque sensor, the 
constitution is simplified, and can thus be reduced in cost to that degree. Also, because 
there are no problems such as control defects due to torque sensor problems, etc., control 
can be implemented at a corresponding higher level of reliability. 

While the continuously variable transmission actual input-side rotational speed is 
feedback controlled to a target input-side rotational speed in the first invention, in the 
present second invention the continuously variable transmission actual speed ratio is 
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feedback controlled to the target speed ratio. By this means, a similar action to that of the 
first invention can be obtained while causing the element of the output-side rotational 
speed to be also reflected in the process of continuously variable transmission feedback 
control. 

In a preferred embodiment of the inventions 1 and 2 above, the engine torque 
changing means is a throttle actuator, and the object of the target value is the degree of 
throttle opening. 

In another preferred embodiment, the engine torque changing means is a diesel 
engine fuel injection pump, and the object of the target value is the amount of fuel 
injected. 

In another preferred embodiment, the target output horsepower is obtained in 
relation to the degree of accelerator opening and vehicle speed. The target output 
horsepower can thus be accurately obtained. 

In another preferred embodiment, the target value of the engine torque changing 
means is obtained in relation to the target engine torque, the actual engine rotational 
speed, and the amount of change over time in the continuously variable transmission 
rotational speed. A more accurate target value can thus be obtained. 

Embodiments 

Below we explain embodiments of the present invention in detail with reference 
to figures. 

Fig. 2 depicts an overview of an automobile engine and continuously variable 
transmission to which an embodiment vehicle drive system control device of the present 
invention has been applied. 

In the figure, an engine E/G output shaft 2 is connected to a belt drive-type 
continuously variable transmission (hereafter referred to as "CVT") via a clutch 
mechanism 4. 

V-shaped pulley devices 10, 14 composed of stationary pulleys 1 1, 15 and 
movable pulley 12, 16 are provided on an input shaft 6 and an output shaft 8 of the CVT, 
respectively. The input-side stationary pulley 1 1 is affixed to the input shaft 6, and the 
input-side movable pulley 12 is movably engaged to the outer circumference of the input 
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shaft 6 by a spline, ball bearing, or the like in an axial direction. Similarly, the output-side 
stationary pulley 15 is affixed to the output shaft 8, and the output-side movable pulley 
16 is movably engaged to the outer circumference of the output shaft 8 by a spline, ball 
bearing, or the like in an axial direction. 

The pressure-receiving areas of the respective movable-side pulleys 12, 16 are set 
so that the surface area of the input-side is larger than the surface area of the output-side. 
The effective diameter can be forcibly changed on the input side so as to change the 
speed ratio. 

Further, in the axial direction, the stationary pulley 1 1 and the movable pulley 12 
on the input side are arranged opposite to the stationary pulley 15 and the movable pulley 
1 6 on the output side. A drive belt 1 8 is placed so as to be constantly perpendicular to the 
input shaft 6 and the output shaft 8. 

The opposing surfaces of fixed pulleys 1 1, 15 and movable pulleys 12, 16 are 
formed with tapered surfaces such that the distance between them increases in the 
radially outward direction.The drive belt 18, whose cross section is an isosceles trapezoid, 
is placed between the input-side V-shaped pulley device 10 and the output-side V-shaped 
pulley device 14. The radial direction contact positions of the drive belt 18 on the 
surfaces of the pulleys continuously change in accordance with changes in the clamping 
force of the respective V-shaped pulley devices 10, 14 stationary and movable pulleys . If 
the contact positions of the drive belt 18 on the input-side V-shaped pulley device 10 are 
moved radially outward, the contact positions of the drive belt 18 on the output-side V- 
shaped pulley device are moved radially inward, and the speed ratio e (= rotational speed 
Nout of the output shaft 8/rotational speed N in of the input shaft 6) of the CVT increases. 
In the reverse case, the speed ratio e decreases. 

The output shaft 8 power is transmitted to drive wheels via a planetary gear 
device for switching between forward and backward movements, a speed reduction gear 
device, and a differential gear device, etc., which are not shown. 

Meanwhile, an accelerator pedal sensor 34 detects the degree of opening 9 ac of an 
accelerator pedal 36 that is depressed by a driver's foot. A throttle actuator 19 which is 
separate from the accelerator pedal 36 controls the degree of opening of the intake 
throttle on the engine E/G. 
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An input-side rotational angle sensor 20 detects the rotational angle of the pulley 
1 1, and an output-side rotational angle sensor 21 detects the rotational angle of the pulley 
16. As a result, rotational speeds (vehicle speed V is what is [obtained] from the output side 
rotational speed) are detected and converted. 

A pressure control valve 24 controls the amount of oil - a hydraulic medium sent 
from a reservoir 26 via a hydraulic line 27 by an oil pump 25 - escaping to a hydraulic 
line 28, thereby adjusting the line pressure PL on a hydraulic line 29. The line pressure 
PL is supplied to the output-side movable pulley 16 hydraulic servo device via the oil line 
29. 

A flow control valve 30 controls the amount of oil flowing into and out of the 
input-side movable pulley 12. In order to keep the speed ratio e of the CVT constant, 
contact is stopped between the oil line 33 and the line pressure oil line 31 and drain oil 
line 32 which branch from the oil line 29. As a result, the position in the axial direction of 
the input-side movable pulley 12 is kept constant, and the speed ratio e is also kept 
constant. In order to increase the speed ratio e, oil is supplied from the line pressure oil 
line 31 through the oil line 33 to the input-side movable pulley 12 hydraulic servo device. 
Consequently, the clamping force between the input-side pulleys 1 1, 12 is increased, the 
contact positions of the drive belt 18 on the surfaces of the input-side pulleys 1 1, 12 are 
moved radially outward, and the speed ratio e is increased. Conversely, in order to reduce 
the speed ratio e, oil in the input-side movable pulley 12 hydraulic servo device is 
conducted to the atmospheric side via the drain oil line 32, and the clamping force 
between the input-side pulleys 1 1, 12 is reduced. 

The hydraulic pressure in the hydraulic line 33 is equal to or lower than the line 
pressure PL, but as described above, the pressure-receiving area of the input-side 
movable pulley 12 hydraulic servo device piston is set to be larger than the pressure- 
receiving area of the output-side movable pulley 16 hydraulic servo device piston. 
Therefore the clamping force of the input-side pulleys 1 1, 12 can be made larger than the 
clamping force of the output-side pulleys 15, 16. 

The effective diameter between the input-side pulleys 1 1, 12 is changed by 
changing the clamping force of the input-side pulleys 1 1, 12 by means of the flow control 
valve 30, while in the output-side pulleys 15,16, line pressure PL is adjusted by the 
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pressure control valve 24 so that a clamping force is generated such that torque 
transmission is ensured without slippage of the drive belt 1 8 in response to the change in 
effective diameter of the input-side pulleys. 

An electronic control device 38 includes a D/A converter 40, an input interface 
41, an A/D converter 42, a CPU 43, a RAM 44, and a ROM 45, which are connected to 
one another by an address data bus 39. An analog output 0 ac from the accelerator pedal 
sensor 34 is sent to the A/D converter 42, and pulses from the rotational angle sensors 20, 
21 are sent to the input interface 41 . Control voltages V t h, V in and V out to the throttle 
actuator 19, the flow control valve 30, and the pressure control valve 24, respectively, are 
sent from the D/A converter 40 via amplifiers 49, 50, and 51 , respectively. 

Fig. 3(A) shows the relationship between input voltage and output voltage for the 
throttle actuator 19 amplifier 49. Fig. 3(B) shows the relationship between input current 
on the throttle actuator 1 9 and the intake throttle degree of opening. The degree of throttle 
opening thus increases in proportion to the input voltage of the amplifier 49. 

Fig. 4(A) shows the relationship between input voltage and output current of the 
amplifier 50 for the flow control valve 30. Fig. 4(B) shows the relationship between flow 
control valve 30 input current and the amount of flow to the movable pulley 12 input-side 
hydraulic servo. The speed ratio e is therefore proportional to the change in amplifier 50 
input current. 

Fig. 5(A) shows the relationship between input voltage and output current of the 
amplifier 51 for the pressure control valve 24. Fig. 5(B) shows the relationship between 
the input current of the pressure control valve 24 and line pressure PL. Line pressure PL 
thus changes linearly with respect to changes in the amplifier 51 input voltage. Even if 
the input current of the value control valve 24 is zero, the line pressure PL is maintained 
at a predetermined value PL*. A predetermined hydraulic pressure is thus supplied to the 
hydraulic servos of the movable pulleys 12, 16, respectively, and minimum torque 
transmission to the CVT is ensured even in the unlikely case of a wire breakage or a 
failure in the electronic control device 38. 

Fig. 1 shows a block diagram of the control system of this device. 
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In the figure, block 100 shows a computer for obtaining a target output 
horsepower PS 0 from the degree of accelerator opening 9 ac and the vehicle speed V, using 
an equation or a map. 

Block 1 02 shows a computer for obtaining a target input-side rotational speed 
N jn ° from the target output horsepower PS°. With this method, the input-side rotational 
speed may be preferably set, for example, on the optimal fuel consumption line A shown 
in Fig. 7. In Fig. 7, the solid lines represent equivalent fuel consumption rate lines 
(g/PS-H), and the broken lines represent equivalent horsepower rate lines (PS). 

Block 104 shows a control system that controls the speed ratio e of the CVT by 
feedback-adjusting a control voltage V in of the flow control valve 30 so that the actual 
input-side rotational speed N in of the CVT attains the target input-side rotational speed 
N in °. A calculation, e.g., Equation (1), is used for this control. 

Vin^k^Njn-Nin 0 ).-^!) 

In performing this control, one is free to make corrections in accordance with, for 
example, oil temperature, and to use a more accurate computational formula. 

Block diagram 106 shows a computer for obtaining a target engine torque T e ° 
from the target output horsepower PS 0 and the actual CVT input-side rotational speed 
N in , using an equation or map. Equation (2), for example, is used for this calculation. 

T c 0 = k 2 xPS 0 /N i n...(2) 

Block 108 denotes a computer for calculating a target degree of throttle opening 
9th° from the target engine torque T~° and actual engine rotational speed N e , using an 
equation or a map. 

Block 1 10 is a control system that feedback-adjusts the throttle actuator 19 control 
voltage Vu, so that the actual degree of throttle opening 9 lh attains the target degree of 
throttle opening 0 th °. Equation (3), for example, can be used for this control. 

v th = k 3 x(e th °-e th )...(3) 

In block 100, the target output horsepower may be modified or changed using 
other factors such as the slope of the running course, the weight of the vehicle, an 
external switch (a selection switch for an economy mode, a power mode, or the like), or 
the like as parameters. 
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In block 102, the target input-side rotational speed N in ° maybe modified or 
changed using other factors such as vehicle speed, engine coolant temperature, running 
course slope, vehicle weight, external switch, air-fuel ratio, or the like as parameters. 

Furthermore, in block 108 the target degree of throttle opening 9 th ° may be 
modified or changed using other factors such as engine coolant temperature, air- fuel 
ratio, change over time in CVT input-side rotational speed, or the like as parameters. The 
change over time in the input-side rotational speed of the CVT should be considered here, 
since actual output torque changes during CVT gear shifting due to the effect of 
engine/clutch/CVT input-side inertial moment. To make such a modification, the target 
engine torque T e ° may be replaced, for example, in the following equation. 

T e 0 =Te° + k4xd/dt(N in )... (4) 

Fig. 6 shows a flowchart for the above control. 

First, in step 200, degree of accelerator opening 8 ac , vehicle speed V, input-side 
rotational speed Nj n , engine rotational speed N c , and degree of throttle opening 0 t h are 
read in. Then, in step 202, target output horsepower PS° is obtained as a function f| of the 
degree of accelerator opening 0 ac and the vehicle speed V. After that, in step 204, the 
target input-side rotational speed N in 0 is obtained as a function f 2 of the target output 
horsepower PS° obtained in step 202. In step 206, the control voltage V in of the flow 
control valve 30 is obtained using the target input-side rotational speed Ni n ° obtained in 
step 204 according to the calculation in the equation ki (N in - N in °). In step 208, a target 
engine torque T*° is obtained as a function f3 of the input-side rotational speed Nj n and the 
target output horsepower PS°. In step 210, a target degree of throttle opening 9 th ° is 
obtained as a function U of the target engine torque T c ° and the engine rotational speed 
N e obtained in step 208. Then, in step 212, the throttle actuator 19 control voltage V th is 
obtained by the equation k 3 (8 th ° - 0 t h). 

As a result, the degree of throttle opening is correctly controlled to a 
predetermined value in both the normal state and the transitional state, and the output 
torque of the engine is correspondingly controlled. 

For example, in a diesel engine or the like, the object of this invention can be 
achieved directly by substituting a target fuel injection amount for the target degree of 
throttle opening. 
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In the above-mentioned embodiment, the CVT input-side rotational speed is 
compared with a target input-side rotational speed and feedback-controlled (the first 
invention). However, if the speed ratio e of the CVT is compared with a target speed ratio 
e° and feedback-controlled, the object of this invention can be achieved in the same 
manner (the second invention). In this case, the target speed ratio e° can be obtained as 
Nout/Nin 0 (N 0 ut represents the output-side rotational speed of the continuously variable 
transmission). The control voltage Vj n of the flow control valve 30 can be obtained as k$ 
(c-c°). 

Effect of the Invention 

As described above, according to this invention excellent effects can be obtained 
by which output torque can be appropriately controlled in a simple structure both in the 
normal running state and in transitional states, thus improving both fuel consumption and 
dynamic performance. 
4. Brief Description of the Drawings 

Fig. 1 is a block diagram showing the structure of an embodiment of a vehicle 
drive system control device related to this invention. Fig. 2 is a schematic showing an 
overall diagram of a vehicle engine and an automatic transmission to which the 
embodiment is applied. Fig. 3(A) is a line diagram showing input/output characteristics 
for a throttle actuator amplifier used in the embodiment. Fig. 3(B) is a line diagram 
showing the relationship between the throttle actuator input and the degree of throttle 
opening. Fig. 4(A) is a line diagram showing input/output characteristics of a flow 
control valve amplifier. Fig. 4(B) is a line diagram showing the relationship between the 
flow control valve input and the CVT speed ratio . Fig. 5(A) is a line diagram showing 
input/output characteristics of a pressure adjustment valve amplifier. Fig. 5(B) is a line 
diagram showing the relationship between the pressure control input valve and line 
pressure. Fig. 6 is a flowchart showing a control routine. Fig. 7 is a line diagram showing 
the relationship between engine rotational speed and output torque. Fig. 8 is a line 
diagram showing the relationship between engine rotational speed and output torque in 
order to explain technology disclosed in Japanese Laid-Open Patent Application 
No. 58-39870. 
E/G... engine 
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6.. .input shaft 
8. ..output shaft 

9 ac .. ..degree of accelerator opening 

V. ..vehicle speed 

N in ... input-side rotational speed 

Nj n °... target input-side rotational speed 

PS°... target output horsepower 

T e °... target engine torque 

0 t h.. .degree of throttle opening 

9th 0 .. . target degree of throttle opening 

e... speed-change ratio 

e°.. .target speed-change ratio 

Agent: Satoshi Takaya 

Keisuke Matsuyama 

Takehiro Makino 

Fig. 1 

1 04 C VT control system 

1 1 0 throttle actuator control system 

Fig. 3 (A) 

( 1 ) amplifier 49 output current 

(2) amplifier 49 input current 
Fig. 3(B) 

( 1 ) degree of throttle opening 

(2) throttle actuator 1 9 input current 
Fig. 4 (A) 

( 1 ) amplifier 50 output current 

(2) amplifier 50 input voltage 
Fig. 4 (B) 

(1) input to CVT, flow amount to be supplied to hydraulic servo 

(2) flow control valve 30 input current 
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Fig. 5 (A) 

(1 ) amplifier 5 1 output current 

(2) amplifier 51 input voltage 
Fig. 5(B), 

(1) line pressure PI 

(2) line pressure generating valve 24 input current 
Fig. 6 

(1) start 

(2) end 

200 read 8 th , V, N in , N e and 0 ac 
Fig. 7 

( 1 ) engine output torque 

(2) equivalent horsepower line (PS) 

(3) equivalent fuel consumption rate line (g/PSH) 

(4) engine rotational speed 
Fig. 8 

(1) engine output torque 

(2) optimal fuel consumption line 

(3) degree of throttle opening 30% 

(4) degree of throttle opening 1 0% 

(5) engine rotational speed 
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